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&6E 2 0 0 3 - 1 8 1 3 6 4 V : 1/ 

[IfcfcRU R r T t A a (fit, RteLa, Ce, Pr, Nd, Sm, 
Eu, Tb, Dy, Ho. Tm, Yb. Gd, Lu<0H*5)SD?$W4< 
i: & — SO^r±ffl7C^, TI4F efc&SRfc U f»-|i^Co, Ni> Mn, P 

X*, AliAK As, Si, Ga, Ge, Mn, Sn, SbO^HlK? 
*L*^*< fc<>— ttOTC*^*!), ftjSJti^-tT, t, a(i5. 0^%^r 
^6. 8igT-% N 7 3. 8^%^t^8 8. 7 m=f-%* 4. 6J^T"%^a^l 
9. 4JIT-%-C&&o ) &&&)£:£^£*L&^T*&o-t\ fg^{iM>P^ 
8 5 »i%£l±ON a Z n i 3 MO&gffltiS 5 «*%m_L 1 5 II%^TO « 

^m~l. 0 mmO^CWt^ i t t t^t±«tlf^t*<7)«I 

[it ^ 2 ] < t h 9 o o *c * -ewmmw^mm* 

1 0 2 - i o 4 «C/#t L"C> £ 0 BUffiR r T t A a fcS&JSsS 

1 0 8 Ot- 1 2 0 0"C<*>i&£T3 ~4 2 B#|BJJ»$i3 U N a Z n i 3!^ 

im-R-m 5 ] mumffiz 1200*0-1400 roias-w? z t *m%t 
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#M 2 0 0 3 - 1 8 1 3 6 4 ^-i? • 

umm 6 ] mm±m^&iknm*tmfe, 7mwm%*x 2 0 0 r 

[»^7] HfrfBR r T t A a «IU RiiLa, Ce, Pr, Nd, S 
m, Eu, Tb, Dy, Ho, Tm, Yb, Gd, L \\(Dn %frbm$iZti2>& 

, p t , p d<oo *>frbmiRZK2>'j?% < t b—m^Tumxwt&^mx&zmm 

^^TCif, Ait A 1 , As, Si, Ga, G e , Mn, S n, S b <On %frhm 

^r^6. 8JK^-%, 7 3. 8H?%^t^8 8. 7M : ?-%, 4. 6J!ET-%^a 
^19. 4JE?-%T^^o ) &&«^T^£;ft&^£T*&oT, m^^ia^ 
*IZ8 5fi%^Na Z n i 3 M^ H B H «^t t 5 @*%J^± 1 5»»%JiJlT 

[m^ms] |ffffiR r T t A a (iRU Rf±La, Ce, Pr, Nd, s 
m, Eu, Tb, Dy, Ho, Tm, Yb, Gd, L u (D 0 ib^hM^ ti&{!? 
&< t i>-m<D^±m7tm, TliFe^MtL, -eo-f|5^Co, Ni, Mn 

, pt, p don^?)iK$^^< ^^-a-cam^-e^^^s^JSTc 

it, AtiA 1, As, Si, Ga, Ge,Mn, Sn, S b <D^> ib^hM^.^ti 
ti>-M<D7um-?$><0 , m^Jt^^-Tr, t, ali5. 0JT?-%^r^ 
6. 8^%, 7 3. 81^%^t^8 8. 7H^-%, 4. 6 Jf a 1 9 

. AW^%X$>%> 0 ) %&®.}&^-T:*mZti2>&&V&<oX, M^#oa^tft'8 
5 5C*%&_tON a Z n ! 3 lOfeiS^^ 5 g*%J^_h 1 5 ff%JilTO a - 
F e t*^t^tX%2>i%±m&m&£:frL>%t), TO&ftgO. l^m-l. 0m 

m^m i o ] m^m 8 ^i2m^#±iR^^#^^, am, iiit 
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#«g 2003-181364 
1 1 ] If ^ 1 0 0*±S^^«j|jgf#^7K*S:?RI6$-iirr * 

umm 1 2 ] it i o o#±«^^^#:^7K^*^iE$^T^ 

lo o 0 1] 

[0 0 0 2] 
[tE^O&flr] 

N a Z n ! 3*;£ri*fcfc*#±$^ra-&0<9 *>> La-Fe-S i 

#^mi#Bs) o zotztb, Lx^xm^^m^ 

[0 0 0 3] 

tt*«§S*l-CV»4Na Z n i 3ij|^nL a-Fe-S i 

ttti, I#t^La, Fe, S i <3&JR£T-* £ J: 9$g#LT<£& 
iO#^«l«:^fStt#H^;tt»-Cl 0 0 0-1 2 0 0*C. 2 4 0B#W 
-10 0 OBlFlifelLTt^^^f L, dtL^S^^LT^ife^^^^ 

[0 0 0 4] 
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#M 2003-181364 



mmm®, m®. mmm, m^^etLa (Fe x -s 

i l-x) 1 3^0g^^I^*i«iff*, \*X*)h\ , m 
41^4f (2 0 0 2) p. 2 6 9-2 7 5 

inmwxto 2 ] 

mmmi&, mm.mm, iii^-^ittLa (Fe x -sii_ x ) 

1 r@#WJ .Vol. 37 No. 6 (2 0 0 2) p. 419- 

4 2 7 

mwticm i ] 

#i§ 2003-9654 7^-<Zr^ 
[0 0 0 5] 

m *m v> x i> &mm k io tz & mm. t ~mmfr h % mmum -? /c # 

&>-ofz 0 

[0 0 0 6] 
[0 0 0 7] 



(1) R r T t A a (1IU RliLa, Ce. Pr, Nd> Sm, Eu, Tb, 
Dy, Ho, Tm. Yb, Gd, L u *>^<b513R$ < t i>— M.<Dffr 

±m7cm, TliFeMtU ^<7)-UZCo, N i, Mn, P t, Pd©-) 

*>frt>m$iz*hz>'p%< t i>-mxm^mx$>^m^m7tm. a^ak a 

s. Si, G a, Ge. Mn, Sn, S b <D 7 *>frt>miR-£ fr&'Mtz < t W. 
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Wffi. 2003-181364 v : 5/ 

07G5fcTNfc«K «ifc^7Fi"r , t, ali5. 0^%^r^6. 8^%> 7 
3. 8/^%^ t ^ 8 8. 7W^%, 4. 6J^T-%^a^l9. 4 
o ) i^M^^ti^^T^ot, m&&?>®M$ l fcS 5§r4%£JLh<7>N 
aZni 3lOg H H H iIi:5ff%fil±l 5ll%^ a -F e tZ^tlfC 
^l.tlSM^?:, itt^iaotf^egO. lyum-l. OmmCO 

[0 0 0 8] 

(2) 4>&< t i>mm<Dj&mfrb9 o ori w$&Bo<£±piijg£ 1 o 2 ~ 1 

0 4 IT, fe^SSBfelC J: pffBR r T t A a &&&J&5£-^£^& 

(3) itfffBR r T t A a &&|§j£5$-T:^£ ti&&ik<Dm&&, £ <b£ 1 0 8 0"C 
- 1 2 0 0 ro^-e 3-42 Bt^ilMCT U N a Z n i 3 M^ H H B «it 
$^T^r±«^^^^i-^Clh^#i!i:ti-^>_hffi (2) |Bm<7>#±3S#^ 

[0 0 0 9] 

(4) ±se (1) - (3) <D\,^ti*Hzmm<o^±m&m&&ffi^mm^mz 

(5) miBSfeSf* 1200 "c- 1400 icoiajs-efif - 1 z$m.t-t%> ±m ( 

(6) m&fr±m'£^&&®ttmffife, 7x^#H^4 , -e2 o o°c~3 o ov<d 
ftm-eflmu &mi*tt%*mm2ik&ztzmkt-t2>±t& u) 3m (5 
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mm. 2003-181364 ^-v 

(7) R. r T t A a OIL, RlUa, Ce, Pr, Nd> Sm, Eu, Tb, 
Dy, Ho, Tm, Yb, Gd, L u <T> 7 *>frhm8lZtL&4?k < t & — M<Difc 
±m7tm. TiiFeMH, f(7)-^Co, N i, Mn, P t, PdO^ 

1 , A s. Si, G a, G e , Mn, Sn, S bOHHiK^Wft < t 
ffiOTC*-C*»)^ a^Jt«r^iT, t, ali5. 0^%^r^6. 8JE-?- 
%, 7 3. 8 m.=f-%^ t £ 8 8 . 7 4 . 6 a £ 1 9 . 4 

t?2b*o ) fc&&J&5$^$ ft* o"T\ &^tf>jjfl8feit'K8 5®»%m 

iMaZni 3i^i^^5fi%^±l 5Ri%£lT?)a-Fefc^ 

t*®WL£+&mm%mftmysRe>m&.-jj&s x$>z> 0 

[0 0 10] 

(8) R r T t A a ({SU RiiLa, Ce, Pr, Nd, S m, Eu, Tb, 
Dy, Ho, Tm, Yb, Gd, L u <Di %frbmSiZfl*>&1t < t — tOf 
±»7Clt, Tt±F e Sr^St L, ^<D— 0, N i , Mn, P t , P d<Di 

*>&t>m$i2tiz>'j?&< ti>-mT«mm*rmx»$>2>m&&m7£m, ai±ai, a 

s. Si, G a, Ge, Mn, Sn, S bWH^lJR? < t ® 

<7>7GfST-& *) , MUtS^-Tr , t, af£5. 0 IET-%2S r s£ 6 . 8^%, 7 
3. 8Wo^t^88. 7M^-%, 4. 6«^a^l9. 415^%^** 
o ) ft* oT, tSE^O>ajHlfe»ftC8 5fi%M±(ON 

a Z n ! 3 *jftfc 5 Jt*%J2U:l 5«l%ttTWa-F et^W^f± 
«tt^?>4^ f^fiSO. lyum-l. Ommt^Sit^lltin 

[0 0 1 13 

(9) ±is (8) K&m<nft±mtt&^mzfrm*w&*itx*x.v--M& 
*mnLitzt*^t+&m&*mm*in, x$>z 0 
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WM. 2003-181364 ^- v : 7/ 

do) ±m (8) iztRM<oik±iAis-m&&&tt, 8mLx%&zt* 
(id _hifi do) iz&n<vih±m&m&&mkmz*m&mszz'£x**-*) 

(12) _hfB (10) ^IB«^*±^W^«fe#iC7K*«:iRitt$*T^i'J 
[0 0 12] 

*&mi*. #±®7C^R (1IL> RliLa, Ce, Pr, Nd, Sm, Eu, 
Tb, Dy, Ho, Tm, Yb, Gd, L u <Do *>frt>m$lZti&4?& < t & — 

a) , mm&mjtmT (tsu TiiFe^itu -eo— mzco, ni, m 

n, Pt, P &<D J )*>frt>m8lZtl&&&< t — m<OjtmXW&»IffiX'$>2>) 
tSXUtfrnmOjtmA (fiU A(±A K As, Si, G a, Ge, Mn, S n 
, S b<D7ibfrt>m$lZtl2>'J?%:< t m.) !5»?>4J^t*oT, M^<7) 
&J& (^f<7>R, T, AOJK^W^fc^ti-rttr, t, a-C^-To ) #5. 
0^%^r^6. 8^%, 7 3. 8 t ^ 8 8 . 7W,=f%, 4/6JS 

^%^a^l9. 4 H?%-e* <9 , & ^:£&g$tp H8 5 N a Z 

[0 0 13] 

T, ^OfifcOTC*A«-e-*L^tLN a Z n i 3 M<0|g||*jgo£-&£tfijR1-;& fc# 

ti, 5. 5 ^ r ^ 7. 7 3. 8^t^8 8. 7^%, 4. 6 a ^ 

1 9. 4^%^ ^fiX^tZo mmmxit, N a Z n i 3M<7)^ H H H #3tO^^ 
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Wm 2 0 0 3 - 1 8 1 3 6 4 ^- V : 8/ 

ftn^&fc&<D±Mm$&:* <0 x , t , a <D#J^±, r: ( t + a) = 1 : 1 3 

. 0^r^6. ZW^o/otLtZo Jr<D&^ f±iM^t:«^Fe^5f 
[0 0 14] 

*»W^«fe*#±*^fir^*±^ ^a^^H 8 5 «*%J5IL_h<0N a Z n ! 

7h'Jy^irXh (SC) a^WHSfei^^tf^tt-So --t'liSCS 
[0 0 151 

<D7fi1&&ffXftm%#, 1 5 0 0t- 1 8 0 0 ttffi 1 rtCtiitS, ^ 

iPjijg(±> KmLtz&ukomMfrh 9 0 otifoOTu, 1 0 2 ~ 1 0 4 -c/ 

S'ttio L< l±?fci3JigJK& 5X10 2 < C/#~3 X 1 03lC/ifj>fct* t 

1 0 2t/#i OSv>#*|I&jg-Ci±R- r i c h*B£R-p o o rffi^i £ 
. IWIWj& s ;*:§ <fcO* fOt^Ml: J: o T ^-^N a Z n 1 3 l^iif 
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2 0 0 3- 1 8 1 3 6 4 ^- v I 9/ 

[0 0 16] 

JifBom^S^T'^^tLfcR r T t A a tt&m&O'&'&iDMt IT, La 
(F e o . 89S i 0. 1 1 ) 13 ^SfffiOj&ltW^fcBI 2 K*rf 0 

Z<MzX>, ^r±m^*0#v^R- r i c h*H±S&K, < <b-<T#- 

nhz, ±m<DM^mm&~emik £ titi&£i±^ ^±m^m<D^R- r i ch 

o o r^gO^C^ $(iH@l 0 ^mJ^TT^— LTV** £ fcj&*$frj&»& 0 

[0 0 17] 

ij|||Of±itt^OftIt:ov^, R-r i chffitR-poo r*l<7> 

ffi»**ffi< tt&tztb, m.#?m<vm&mK£ *> « -f e £mb^o:^— ic^nt^^ 

&d£ri ? T*££ 0 M1MICJ:*)NaZn i 3 M^lnra'Sia^) 

jg^?> 9 0 oici-coifiH<0?fr#aufc* 1 0 2 ~ 1 0 4°c/®t it, 

Scfci *>$Hi-f-* *K R-richffitR-poo r*|<7);*:§ 

-e^iSS 3 0 /z m^T-C*^4fir±S^^«r*JcLT«3t"f & - h^ffi3fc& 0 
[0 0 18] 

£ 0 ^^km»H^»t * N a Z n 1 3 ft j&?)#J^£ 8 5 R*%£JLL t1rZ> Z t 

#^,0 03 \z* h v y^tx hmzx vm&Ltz^ noot-ci 2mmm 
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#M 2003-181364 v* : 10/ 

# • 

r = 6 . 8%, t = 82. 9 °/cn a=10. 3%t?*-5 0 
0 3 tC^i-#±^^^tc43V^-C, NaZnnfjlWLa (Feo. 

8 9 s i o. 1 1) i 3 »*x«na*f«5e*cij»t**BiaiK*^-*- 

e-^fi[«WLa (Fe 0 . 89S10. ll) 13^'-^StM 
Jg£^-fLa (Feo. 89Sio. ll) 1 3 ^ ^ - * 5llJgi3 J: t/*3fc»£ * 

[0 0 19] 

ffl&tf, 0 3* K^ep-e^LfcL a (Feo. 89S i 0. ll) 1 3 ^>t?^ 
t?-^{£BfiC uK«3§L£ffi^T$fl5ELfc^{i3 8. 4° fftft, f^<?)|i 
£ lta-F eO*Sibf-^fi[St±4 4. 7° f lot, La (Feo. 
8 9 S i 0. ll) 1 3^£$*^ 3 8. 4° oe-^Sftft/ (3 8. 4° O 

7° <o\£-?&m) xi 00 (%) -cgm-ta^t^-e^* 

JiffiO^ffi^^itL^ 03 i *)La (Fe 0 . 89Sio. ll) 13« 
iti9 2fi%, ff -Feli8Ii%^^ 0 
[0 0 2 0] 

3H£-ei±, M£R- r i c hffl, R-p o o r <b*Lfcj&«, M£tt&?)# 

±m$m&&<DmM*7F'tm 4 ORirt^-eii, ^»<7> a-FeUa (Fe 
0. 89S i 0. ll) i3*^^KtW4, 

*9R-r i chffi, R-p 00 rm'ffi4zL<??<, NaZni 3 |^La ( 
Fe 0 . 89Si 0 . ll) l 3^^*S*^8 5Rl%ia±ttSCfc 

[0 0 2 1] 

8 or-i 2 o ot©iEffltt3^iu>o miumffiMJ£Z l 0K/^t 
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#HS2 0 0 3 - 1 8 1 3 6 4 ^-v- \y 

m • 

£\ 1 0 8 0^-1 2 0 OWMMt^t^WR-r i c h||tR 
-poo r^Ti^LTL a (Fe 0 . 8 9 S i 0 . 1 l) 1 3 U L a 

(Fe 0 . 89Si 0 . 1 l) l 3©4Mli8 5fi%^jg£^it^o 

till^^L, Na Z n ! 3 fflO Cl * e ^#^^^#1"^ 

trfo ^o-c, aft&aajg* 1 2 0 o°cj: •3«iati-*ci t imt t < &v> 0 t 

fc. »&aiaSt«: 1 0 8 Oti Dftffl Na Z n 1 3fflO^*{±8 5 

%Kjt-£i\ -a-^JCa - F e OIW'tL a t =7 * e L^v* 

[0 0 2 2] 

1 7^, in 5 K&mf&m&* 1 locct L-r^m-S'^r^^i^ai-*^ 

£OSi«^Jg-C<9fiy#B#|tfl fcLa (F e o . 8 9 S i o . 1 1 ) 13 &J*S*>W 
&£^L£ 0 1 1 0 0TCT'ftL^;:ii, f»3B#P^l 2B#F^*Mx.^»t 
&*KLa (Fe 0 . 8 9Si 0 . ll) n^MWt^Clt^^ 

El 5 KaWaH,* h , Sfe&ati 1080-1200 *CT? 3-42 B#^tf d 
it<> $ h Km^WKBSti: 1100-1120 °Ct Lfi8$l$M* 6-12 

[0 0 2 3l 

^m-l. 0mm«tU f^l * Wi$3£:fe<fc Otftjft LT^#tcin 

xLxmmwmmK&zwmffiXK&m-tZo «*.ur, 2 0 o^ m m±o 
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!&m 2 0 0 3 - 1 8 1 3 6 4 ^- 'J ; 12/ 

[0 0 2 4] 

va-^yv^-. 5 0-5 0 0 //mT^tLlffV^^^l' > 5 0 fi miiXTX 
[0 0 2 5] 

£>fz&&tp<DN a Z n ! 3 #510^4^8 5 5C*% «t *) /hS < T a - F e <7># 
n i 3«3tO^#^8 sm^oJ^Ji^^L^^fillfev^zie), 
n i 3 8 5 SC*%JiLh, a-Fetil 5 »»%J^Ti'M#Pl-£i& 

[0 0 2 6] 

#±«^^^<7)N a Z n i smM(D^.mMaXXr a -F e OMtJfc^fi, 

S^t^^NaZ n i 3 *#jii<7)£j&i£8 5fi%ia±, a-FeH5f 
m%&T^mffl-f2>fztbKte, R r T t A a (II U RliLa, Ce, Pr, N 
d, Sm v .Eu, Tb, Dy, Ho. Tm, Yb, Gd, Lu^H^^S 
ti&'J?%< ti>—M<D%i±M7um, TtiF eM^itU ^-^Co, Ni 

, Mri, pt, p d09-^s>5i^£*L&4?£< £ ®r-gmprfg-c*-2>^ 

#^7CSf> AiiAK As, Si, G a, Ge, Mn. Sn, S b <D7 %frhm. 
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003-181364 ^-v : 13/ 

^r^6. S 7 3. 8J^T%^t^8 8. 7W^%, 4. 6JKT-%3£a 

^19. Am^%x-h^o ) %&m.j&^x*7jkZK&^±M&m&£*mi§mm& 

lZ£f) m& U £ h \Z 1 0 8 0 r~ 1 2 0 0 1Ctf>i&Jg-e 3-42 F^jfyM-ffr 
[0 0 2 7] 

li. 5 «*%m± 1 5 ®*%J^T<0 « -Fe ^#i"^> d t^gj Lv\> 
[0 0 2 8] 

[0 0 2 9] 

mM**m&$>z>\<^&fmn.m-n%*, 1 2 0 0 ~ 1 4 0 o°c, t l < n 1 

2 8 0- 1 3 0 0 IC-e^i-^ t^^Jg0^r±«#^r^M^#:^^Tr # & 0 
-eo— #IJ t L X , ^<7>t£#^ 50-100^mT^5tl <£>*&ii£?&Jg t'&hK 
tz%t$£fo<D?&mtcDM&*m7 IZTfi-to Ztifrb, 1 2 8 0V&±.Xt&ife1r& t 
tMW#f)tLSit^ ! j^ o tS5 0~l OO/zmOLa (F 

eo. 89S i 0. ll) 1 S^^hi^mLfzm^mt 1 2 8 0TCTr3Ei#ra$& 

*££L£&£, 1 1 0 o*c-ei 2mmwk$m.-tz> 9g/ cm 3to 

La (Fe 0 . 89Sio. ll) 1 3iiSMMn;H^^o 
[0 0 3 0] 
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2 0 0 3- 1 8 1 3 6 4 ^- v : 14/ 

mm 2 oo~3 0 ot\ »iL<ii23o~27 o °cx i mm&±&n U 7k* 

[0 0 3 1] 

^l§#^iliiJ^^L7t7K*ii, «^KA r Wi^* 10 0-200 
t: f i^It I. C ^: i « tB t ^ i i: ^ 0 El 9 f±*fU±7fci^ 4 00 

^tcotL-r^^ifc^M^t-rv^it^^^o i 9 ot:j«^If 

[0 0 3 2] 

«-FeWW5fi%J: "9/h^v>#±li7E«^^^#^7K**iS 

*3-v-%Lm*Mm-rz>m&, mm^mmmmm^wir^tz^Kit. ^±m 

ttm&W&Jgtim+Lir %> fz*b Kii^ i%±m^^&*P<D « — F e O^Jfc 
[0 0 3 3] 

%i±m^&±V>mM* fctt, N a Z n i 3 #^i3 £[F ff -Fe J^4cij|-*B 
fi^^M^ffcom^jft^s 0 0 0 p p m^TWM#^H^ i «b ^t" I ^. „ 

*mmT^bti?zfk±M&m&&mmm^ ^&&^izmmwim%fcz h-r 
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2003-181364 ^- v* : 15/ 

ZZttfVZ&o ZtUZZt), ftlSMcOit^i^ltM^ 5 0 0 0 p pm 

[0 0 3 4] 

[0 0 3 5] 

(Jdfcfl) 

LatI (M9 8fl%a±) 6. 5J^T-%> Mft («S 9 9 f i%£l±) 
8 3. 2Mi^%. SitI (*6JK9 9. 9 9«*%J0L±) 10. 3M^%£Ar 
f^SHa^TigjlfU ^h'j7^tXb^:tf$0. 2 5mmW|fCij|L 
foil Hit L£ L a - F e - S i 1 1 0 0 TCT? 1 2 Bf H^f 

KLX&btitzL a-Fe-S i^f-f X^5;l/tWlTtt 
1 0 0 yumtC-Cltv^tt^o 2kg/hT?&ofc 0 £ 
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